Introduction
Total hip replacement (THR) is one of the most common techniques in orthopaedic surgery, and one of the most important surgical advances of the last XX century [1] . The use of biomaterials for these applications has been widely extended. Implant design must be based on the individual kinematics as well as dynamic load transfer to the body region. THR has been available since the introduction by Dr. Charnley of the so-call bone cement to fix the implant to bone [2] . Bone cement acts like a filling material, and therefore, its clamping capability strongly depend on its capacity to go through trabecular bone during implant fixation. Since it is a viscoelastic polymer, it shows properties like damping or uniform load distribution which reduces contact stress concentration. One of the main causes of failure is due to interface loosening at the microscopic level, which takes place at one of the two well distinguished ones, namely, bone-cement and cement implant interfaces [3] . Loosening may induce fatigue failure at one of the above referenced interfaces. This work is focused on the micromechanical analysis of the bone-cement interface. In this paper, two micromechanical models under cyclic loading both for bone and cement are considered in order to analyze their combined behavior of the interface from a microscopic point of view. Each model assumes the characteristic properties of bone and cement. The study is established over a representative volume element (RVE) of the bone-cement interface microstructure. This technique allows to homogenize macroscopic behavior of the interface through the homogenized damage as an internal variable. Numerical implementation is carried out using the finite element method.
Mathematical modeling
From a mechanical point of view, bone tissue may be assumed as a viscoelastic material which contains microcracks, which is treated from continuum damage mechanics approach, where is a dimensionless scalar parameter (considered as isotropic damage) which measures the damage and being a fourth order tensor which contains the mechanical properties of the undamaged material. Bone tissue damage is decomposed by the fatigue and creep damage and , respectively. Fatigue damage is obtained by means of the Miner-Palgrem formula, (2) being the current number of cycles applied at a given step i. On the other hand is the number of cycles of failure for a given stress level at step i. The latter parameter is obtained by experimental setup of fatigue tests, which results are fitted to [4] , (3) F and G were experimentally fitted to 2.51·10 30 and 30.4 for stresses given in MPa [4] . is the maximum principal tension stress. On the other hand, creep damage depends of time as well as the applied load level, which increases until bone fracture is reached for a value of one of the damage variable. Under a constant stress, the failure time is defined as, (4) A and B being experimentally obtained constants [4] , with values of 3.02·10 35 and 17.95, respectively, for stress is given in MPa and time in seconds. Analogously, is the maximum principal tension stress. Therefore, using the Miner-Palmgren rule in (4) yields,
If we consider a time-harmonic loading, the number of cycles can be expressed as . Then, Eq. (5) yields to,
The above introduced modeling is applied to the bone material. On the other hand, cement is used to attach the implant to bone, assumed as a viscoelastic passive material considering damage, such that the Hooke's law is written as, )
To obtain the accumulated damage we use the Miner-Palmgren law according to the following expression,
being the number of cycles of failure for a given stress level, is the maximum principal tension stress, n is the number of load cycles, whereas is an experimentally obtained fitting coefficient. Cement fatigue life, , is experimentally obtained by means of S-N assays, which can be modeled to, 
Bone-cement micromechanics
The above introduced models both for bone and cement under cyclic loading are here applied over two representative volume elements (VRE's) of the bone-cement interface microstructure. Fig. 1 shows two idealized RVE's finite element models of the bone cement-interface, distinguishing from a smooth interface (Fig. 1a) and a sharp interface (Fig. 1b) . The upper part of such interfaces corresponds to the cement, whereas the lower part to bone region (interdigitated cement). Boundary conditions applied over the RVE microstructure are the following: periodicity of the displacement field between left and right edges, and clamped displacements at the upper and down edges. On the other hand, RVE's shown in Fig. 1 are subjected to a volumetric strain both at normal and tangential directions. Once the microscopic problem is solved, field and internal variables are homogenized at the macroscopic (or apparent) level according to the following operator,
V being the RVE volume.
We can estimate at the macroscopic level the following adapted Miner's rule,
where is the homogenized (averaged) damage for an imposed loading amplitude and for a given number of cycles n, and the estimated number of cycles to failure of the interface at the macroscopic level.
Results
Macroscopic S-N curves for the interfaces with RVE's shown in Fig. 1 are obtained in this section. Fig. 2a plots the stress magnitude and the number of cycles to failure for the smooth interface introduced in Fig. 1a . On the other hand, tangential loading behavior for this interface is depicted in Fig. 2b . S-N curves for the sharp interface are presented in Fig. 3 , for normal loading (Fig. 3a) and tangential loading (Fig. 3b) , providing an estimation of the overall interface macroscopic failure behavior.
Summary
A micromechanical modeling of bone-cement interfaces has been presented in this work. Results provide microscopic as well as macroscopic information of the interface mechanics. Future works includes a multiscale formulation for the analysis of implants and prosthesis from a micro and macromechanical point of view. 
